to calculate the number of unique haplotypes present in each population (Table 4) . Construction of network tree of the isotype-1 β-tubulin haplotypes has been described in our previous studies 1 4 5 (Chaudhry et al., 2015a; Chaudhry et al., 2016b) .
(Pop1S, Pop2S, Pop10G, Pop12G, Pop1G) and Hr20 resistance haplotype was present in 2 3 8
Pop86C population from Arkansas and Georgia (Fig. 3B ). The overall results suggests that The control of parasitic nematodes in ruminants is heavily dependent on the use of ( Chaudhry, 2015) . This has led to the development of resistance in a number of small ruminant 2 4 6 parasite species including H. contortus (Chaudhry, 2015) . Benzimidazole resistance has been 2 4 7
reported in closely related cattle parasite H. placei, but there is relatively little information on its prevalence (Ali et al., 2019a; Brasil et al., 2012) . In the present study, we proposed that
benzimidazole conferring resistance would be at early stage of development in H. placei as We demonstrated the allele frequency of known benzimidazole resistance-conferring have detected the F200Y (TAC) mutation in 6 out of 9 H. placei populations. These results
5 5
suggest that the F200Y (TAC) resistance mutation is likely to be present in many H. placei presence of this mutation at a low frequency would not be expected to result in detectable loss of 2 5 8 efficacy of benzimidazole drug (Ali et al., 2019a) . In the present study, phylogenetic analysis of
H. placei F200Y (TAC) resistance haplotype (Hr3) supports the hypothesis that it emerged from 2 6 0 a single resistance mutation. Indeed, in this case, it appears that this mutation has spread to 2 6 1 multiple different locations in southern USA and this mutation is present on a single haplotype in 2 6 2 all 6 of the H. placei populations. In contrast, there was a high level of sequence diversity of high level of susceptible haplotypes in southern USA, it would be extremely unlikely that the that this mutation has single emergence illustrates the role of animal movement in the spread of evidence for the single emergence of the F200Y (TAC) resistance mutation and spread in
Pakistani H. placei populations through unregulated animal movement.
7 1
We have confirmed the allele frequency of benzimidazole resistance mutations in H. There have studies investigating the emergence and spread of benzimidazole resistance in H. ruminants (Chaudhry et al., 2016b; Redman et al., 2015) . Knowledge of the emergence of H.
contortus resistance in those studies makes it very likely that the movement of livestock is an 2 8 9
important element in the spread of benzimidazole resistance alleles in small ruminants. However,
this is difficult to investigate and demonstrate in the present southern USA, where benzimidazole
resistance is well advanced almost at the level of fixation, for example F200Y (TAC) mutation is 2 9 2 present in all populations examined at high frequencies. Therefore, the diversity of the resistance alleles and the complexity of their relationships to susceptible alleles, makes it difficult to use genetic analysis to definitively demonstrate that particular resistance allele has emerge and then spread from one location to another in southern USA. The data reported in the present study reveal a high genetic diversity among H. placei , 2015a; Chaudhry et al., 2016b; Hunt et al., 2008; Redman et al., 2015) and a few reports in
H. placei (Ali et al., 2018) . The consequences of low levels of population genetic differentiation
in part reflect high levels of animal movement (Hunt et al., 2008) . If the gene flow is high, the regions under the influence of drug selection. These observations have also been recognized in The present study in the southern USA, where benzimidazole resistance in H. placei is at early
stages, provides a simpler situation from where to draw conclusions as compared to H. contortus.
The single emergence of F200Y (TAC) resistance mutations in H. placei and its subsequent
spread is clearly defined. The way in which this mutation has become widespread provides a Calgary. Work at the Roslin Institute uses facilities funded by the Biotechnology and Biological
Sciences Research Council (BBSRC). The final letter of the parasite population name indicates the host species of origin (S, sheep; G, β-tubulin sequences generated in Network 4.6.1. A full median network containing all possible 3 6 0 shortest trees was generated by setting the epsilon parameter equal to the greatest weighted proportional to its frequency in the dataset and the colours in the circles reflect the spread of this branches and the length of the lines connecting the haplotypes is proportional to the number of 3 6 7 nucleotide changes. The most probable ancestral node is determined by rooting the network to a 
